Background Gastric cancer results from a multifactorial process and is one of the most common causes of death worldwide. These tumors can arise in the distal stomach (non-cardia) and in the cardia region, presenting different characteristics and frequency of occurrence worldwide. Aims To search for differences between tumors of different locations that could explain the presence of cardia tumors, considering Helicobacter pylori strains and genetic polymorphisms. Materials and Methods DNA was extracted from gastric adenocarcinoma tissue of 127 patients. Helicobacter pylori genes were detected by PCR, and polymorphisms by PCR-RFLP. Results Most of the tumors were located in non-cardia. The genotype 28152GA of XRCC1 showed an increase in risk of cardia tumors. In analysis performed considering gender, women carrying TNF-308GA genotype showed a decreased risk of non-cardia tumors, while in men the decreased risk of non-cardia tumors was associated with TNF-308GG genotype. Genotypes combinations showed that the SNPs RAD51 135G[C, XRCC3 18067C[T, and XRCC1 28152G[A had some combinations more frequent in cardia tumors, with an increased risk. Patients infected by cagE-positive strains presented a positive correlation with non-cardia tumors. Conclusion The results showed some susceptibility differences between tumors of different locations. There was an increased risk relationship between three repair enzyme SNPs and cardia tumors, and the G allele of the cytokine gene TNF negatively influenced the development of noncardia tumors. Helicobacter pylori strains seemed to be different in the cardia region, where they were less virulent than those located in the distal region of the stomach.
Introduction
Gastric cancer is one of the most common causes of death worldwide. The prognosis of this disease is poor, particularly in Brazil, with a 5-year survival rate of 20-30 %, since most cases are diagnosed with advanced stage [1] . While Helicobacter pylori infection is a well-established cause of gastric cancer, different environmental and genetic factors (e.g., H. pylori virulence genes and single nucleotide polymorphisms (SNPs) in the host's genes) are involved in different stages of the cancer process [2] . Gastric tumors can arise in the distal stomach (non-cardia) and in the cardia region, and in the last four decades, there has been an increase in cases of cardia cancer, mainly in developed countries with remarkable geographic aggregation [3, 4] . These tumors seem to be different in some characteristics, and they are now recognized as two different clinical entities. However, what predisposes the gastric cancer development in a specific region of the stomach is still not clear [4] . Thus, the objective of this study was to search for differences between tumors of different locations that could explain the presence of cardia tumors, considering H. pylori strains and genetic polymorphisms of certain genes.
Materials and Methods

Subjects
The present study was approved by the Hospital Ethics Committee of the Federal University of Ceará, Brazil, and all subjects signed an informed consent form before inclusion. Adenocarcinoma samples included in this study were obtained from patients who had undergone gastrectomy at University Hospital Walter Cantídeo, Santa Casa de Misericórdia Hospital, and General Hospital located in Fortaleza (Ceará-Brazil). The histopathological data were obtained from histopathological records and reviewed by a pathologist of the team.
DNA Extraction
Genomic DNA was extracted from frozen tumor tissue using the cetyltrimethyl ammonium bromide (CTAB) technique, adapted from Foster and Twell [5] . DNA extraction was done only in fragments that showed more than 80 % tumor cells. DNA quality was analyzed by 1 % agarose gel electrophoresis, and quantity was determined using the NanoDrop Ò 3300 fluorospectrometer (Wilmington, DE, USA).
Detection of H. pylori Infection and vacA Alleles and the Presence of cagA, cagE, and virB11 Genes Helicobacter pylori infection was detected by amplification of the ureC gene using primers for PCR, as described by Lage et al. [6] . For the H. pylori-positive samples, the vacA alleles and cagA, cagE, and virB11 genes were identified by PCR according to Lima et al. [7] (Supplemental Table 1 ).
Genotyping of Host's Polymorphisms
The genetic polymorphisms of
, and IL8-251A[T (rs4073) were detected by PCR-RFLP, as described in Supplemental Table 2 .
Statistical Analyses
The statistical analyses were carried out using the programs SPSS Ò version 15.0 (Chicago, IL, USA), SNPStats, and UNPHASED Ò version 3.1.7 (London, UK). Statistically significant differences were evaluated by the Chi-square test (v 2 ) or Fisher exact test. The results were considered statistically significant when p was less than 0.05.
Results
Study Population
Of a total of 127 collected gastric tumor samples, 30 (20.62 %) were located in the cardia region, and 97 (76.38 %) in non-cardia. The patients' median age was 65 years, independent of tumor location. Among the tumors located in the cardia region, there were a significantly higher proportion of males (Table 1) .
SNP Analysis
A total of 11 SNPs were analyzed, individually and in groups. The genotype and allele distributions and risk analysis are shown in Table 2 . Considering all cases, only the heterozygote genotype of XRCC1 28152G[A (Arg399Gln) showed an increase in risk of tumor located in the cardia region. This result was confirmed by SNPStats analysis, where this genotype was associated with a (Table 3) . Interestingly, among the significant combinations, the presence of the RAD51 GG genotype was associated with at least three polymorphic alleles of the other two genes, while for the RAD51 CC genotype, only one polymorphic allele of the other SNPs appeared to be required to establish the relationship of risk.
Helicobacter pylori Genotype
Almost all samples were H. pylori positive (117/127; 92.1 %). Of these, 64.9 % (76/117) were cagA?, 51.3 % (60/117) cagE?, 59 % (69/117) virB11?, 85.5 % (100/ 117) vacA s1, 70.1 % (82/117) vacA m1, 66.6 % (78/117) vacA s1m1, and 11.1 % (13/117) vacA s2m2. The distribution of these genes according to tumor location showed that the cagE and virB11 genes were significantly more frequent in tumors of the non-cardia region (p = 0.020 and 0.046, respectively), while other genes had the same distribution in tumors from both regions. Corroborating these data, a positive correlation was found between patients infected by cagE-positive H. pylori and non-cardia tumors (r = 0.192; p = 0.030).
Discussion
An increasing incidence of adenocarcinomas of the cardia has been observed in recent years, accompanying the increased incidence of adenocarcinomas at the esophagogastric junction mainly in the USA and Western Europe [4, 8] . Two pathways have been described for gastric cardia carcinogenesis, one associated with H. pylori atrophic gastritis, resembling non-cardia cancer, and the other associated with non-atrophic gastric mucosa, resembling esophageal adenocarcinoma. Also, cardia tumors are especially more frequent in males, as found in the present study [4, 23] .
The relationship of genetic factors with tumors located in the cardia has not been widely explored, besides the finding that the risk of gastric tumors is generally associated with certain polymorphisms. In this study, considering the polymorphisms in DNA repair genes, a statistical difference between cardia and non-cardia tumors was related to the SNP XRCC1 28152G[A, in which the heterozygous genotype (GA) was associated with a risk of the cardia region and a risk reduction for non-cardia. XRCC1 gene encodes the key protein of the base excision repair pathway, and the SNP 28152G[A causes an amino acid change that alters the efficiency of the repair process [9, 10] . One possible explanation for this association is that this genotype (GA) leads to a less efficient repair favoring the development of adenocarcinoma in the cardia even at a low rate of H. pylori infection. The literature is contradictory about the association of XRCC1 28152G[A polymorphism with gastric cardia tumor risk. Shen et al. [11] found a borderline association with the risk of the genotypes XRCC1 28152 GA/AA, but the association was significant when combined with the CC genotype of the XRCC1 (26304C[T) SNP. Also, Miao et al. [12] found risk associated with XRCC1 allele A. Besides these two studies with a Chinese population showing a relative risk associated with the A allele, other studies with a Chinese population or other ethnicities found no association [13] [14] [15] [16] .
In our study, only the genotype combinations of RAD51, XRCC3, and XRCC1 SNPs were associated with increased risk of cardia tumors. The SNP that more strongly established associations with such risk in combination with others was RAD51 135G[C. Although previous studies have not established a relationship between this SNP and cardiac gastric cancer, this polymorphism seems to be associated with gastric cancer in general and esophageal squamous cell carcinoma (ESCC) [17, 18] . Gastric cardia adenocarcinoma and ESCC have many similarities (etiologic determinants and anatomical proximity), which argues for similar etiology for the two tumors [19] . RAD51 has been demonstrated to be involved in homologous recombination repair of double-stranded DNA breaks, which may cause genomic instability and cancer [20] . Furthermore, it has been demonstrated that the XRCC3-RAD51 interaction is biologically relevant, since XRCC3 protein promotes the assembly or stabilizes a multimeric form of RAD51 required for DNA repair [21] .
With regard to cytokine polymorphisms, we found that the GG and GA genotypes of TNF-308G[A were less frequent in patients with tumors located in the non-cardia region. These genotypes are associated with a normal and intermediate inflammatory response, respectively [22] . Since tumors in the non-cardia region are associated with infection by H. pylori [23] , the inflammation caused by this bacterium does not get worse and appears to decrease the risk of cancer development in this region. Polymorphisms of interleukins have been widely studied in gastric cancer, but few studies classify their data according to tumor location.
Data from the literature show that non-cardia gastric tumors have a strong positive association with H. pylori infection, whereas the cancer of the cardia does not have an established relationship with the presence of this microorganism [2] . In our study, the cagE and virB11 genes were Bold informations are statistically significant (p = 0.029) more frequent in non-cardia tumors and cagE was positively related to them. Similar results were obtained in a previous study by our group, where cagE-/virB11-negative H. pylori strains showed a slight increase in the incidence of gastric cardia tumors [24] . Therefore, the relationship between H. pylori infection and tumor development in non-cardia region seems to be more influenced by the virulence status of the strain than by the presence of bacteria. Thus, another carcinogenic pathway appears to act in the development of tumors of the cardia region.
In conclusion, this study indicates that there are some susceptibility differences between tumors of different locations. Patients with XRCC1 28152G[A (Arg399Gln) have an increased risk of cardia tumors, also associated with some genotypes of the repair enzyme SNPs RAD51 135G[C and XRCC3 18067C[T. The G allele of the cytokine TNF-308G[A may negatively influence the development of non-cardia tumors. Furthermore, H. pylori strains seem to be different in the cardia region, where they are less virulent than those located in the distal region of the stomach.
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